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Noninductive current drive is one of the effective 
methods for steady-state operation of the tokamak 
device, suppression of the MHD activities and control of 
plasma current profile in order to sustain the high 
perfonnance plasma. Especially, electron cyclotron 
current drive (ECCD) can control the plasma current 
locally due to the highly localized power deposition in 
comparison with other noninductive current drive 
methods. ECCD has been demonstrated and applied 
mostly in the tokamak devices. 
In LHD, ECCD was first tried in the 6th experimental 
campaign using extraordinary waves at the second 
electron cyclotron harmonic. Here, the magnetic 
configuration of magnetic axis is 3.75m and the 
magnetic field strength on the axis is 1.5 Tesla [I]. In 
this configuration, the ripple of the magnetic field is 
small near the magnetic axis because the electrons 
trapped in the helical ripple don't contribute to toroidal 
current. Therefore, EC wave should be injected to the 
ripple-top to reduce the trapped electrons. The ECCD 
efficiency is in proportion to the electron temperature 
and in inverse proportion to the electron density. The 
experiment was carried out in the low density plasma 
and a target plasma was produced by only NBI. The 82.7 
GHz system of 500kW were used for electron heating 
and the 84 GHz system of 400kW were used for current 
drive. However, remarkable increment of toroidal 
current by ECCD was not observed clearly although 
electron heating effect was observed. 
In 7th experimental campaign, ECCD near the first 
hannonic ECR was tried using ordinary waves at the 
magnetic configuration of magnetic axis is 3.53m and 
the magnetic field strength is 2.8 Tesla on the axis. This 
magnetic field strength enables us to use not only 
82.7/84 GHz system but also 168GHz system. The total 
power reached about 1.0MW using five gyrotrons in this 
experiment. The 168 and 82.7GHz systems were used 
for generation and sustainment of high electron 
temperature plasma and the 84GHz system with 500ms 
time duration were used for current drive. The parallel 
component of the refractive index, Nil, was scanned from 
-0.2 to 0.1 with linearly polarization in this experiment. 
The time evolutions of the total current, i.e., the sum of 
plasma current, vacuum vessel current and shell current 
measured by Rogowski coil installed outside of the 
vacuum vessel were used for evaluation of the driven 
current by ECCD as shown in figure I. The data of only 
plasma current measured by Rogowski coil installed 
inside of the vacuum vessel could not be used for 
analysis because the signal drift at the integrator is too 
large. The dependence of the total current on Nil was 
clearly observed although absolute value of the driven 
plasma current by ECCD was unknown exactly. The 
directions of the current flow coincide with predicted 
ones. 
The increment of the total current during ECCD was 
given in Figure 2. The level of the total current was only 
1 kA. However, vacuum vessel current will flow to 
opposite direction for plasma current. As a result, total 
current will be smaller than driven plasma current. 
Moreover, total current has not achieved to stationary 
value because ECCD pulse duration of 500ms shorter 
than LIR time constant of the structures. The stationary 
value of total current will reach about 7kA when we 
regard LlR time constant as 3 seconds. Thus, plasma 
current driven by ECCD might be about 10kA in this 
experiment. 
The further optimizations of the magnetic field 
configurations, incident Nil and the ellipticity of the 
incident polarizations are needed for. effective ECCD. 
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Fig. 1. Temporal behaviors of the total current for 
incident Nil. 
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Fig. 2. The increment of the total current by ECCD for 
incident Nil 
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